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@ Inhibiting corrosion in reinforced concrete. 

© Vapour-phase corrosion inhibitors (VP!) are inserted into 
reinforced concrete structures either during their formation, 
in which case the self-supporting VPI insert, which is in- 
dependent of the metal reinforcement, may be in the form of a 
spacer for spacing the reinforcing rods; or after their formation 
by insertion of the fluid or solid VPI in holes bored, in the 
pre-existing structure. Preferred VPI materials are cyclohexyl- 
amine nitrites, benzoates and carbamates. 
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DRAWINGS 
2 SHEETS 



INHIBITING CORROSION IN REINFORCED CONCRETE 



This invention relates to a . method for inhibiting 
corrosion of metal reinforcement in structures of 
masonry or cementitious material, especially (but not 
only) concrete* 

Such materials usually have compressive strength, 
but little tensile strength, it is therefore necessary 
when using concrete, for example, as a structural 
member to incorporate metal (usually steel) reinforcing 
members to impart the required tensile strength. The 
reinforcing members may be placed under tension to form 
"pre-stressed" or "post-tensioned" concrete structures. 

If the reinforcement corrodes, it may expand and 
cause internal stresses within the concrete. This 
ultimately leads to cracking of the concrete which is 
then liable to start breaking up. The cracking also 
results in the metal being further exposed to water and 
atmospheric oxygen, accelerating the rusting process. 

Rusting is a complex electrolytic process whereby 
ferrous metal is oxidised to ferric oxide, generally by 
atmospheric oxygen in the presence of water. In fresh 
concrete, however,; the rusting process is inhibited by 
the strongly alkaline conditions. Generally the pre- 
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vailing pH is about 12.0 - 14.0. Rusting is acce- 
lerated by the presence of metallic salts and/or carbon 
dioxide. In many reinforced concrete structures which 
have been erected in the past, calcium chloride was 
used to accelerate the hardening of the concrete. 
Although this practice has now fallen into disfavour 
and has indeed been banned in many countries including 
the United Kingdom, the presence of calcium chloride 
has caused widespread accelerated corrosion. 

Accelerated corrosion of steel reinforcement 
within concrete can also occur as a result of penetra- 
tion of chlorides from other sources such as airborne 
sodium chloride present in marine environments and the 
use of de-icing salts such as sodium or potassium 
chloride on highway structures such as bridges. 

A further cause of corrosion is the carbonation of 
the concrete. The alkaline pH is a result of the pre- 
sence in the hydrated cement of large quantities of 
hydrated lime Ca(OH>2. Carbon dioxide from the 
atmosphere reacts with hydrated lime to form calcium 
carbonate, CaCOj, reducing the pH to approximately 9.0. 
At this reduced pH, rusting is no longer inhibited. 

Carbonation takes place at a rate which depends 
upon a variety of factors such as the original cement 
content of the concrete, the water: cement ratio of the 
concrete, aggregate type and grading, density and com- 
paction, and the aspect and degree of protection 
afforded to the concrete surface. The net result of 
the carbonation process is however that ultimately the 
alkalinity which protects the metal from rusting is 
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reduced and the rusting process will start. The reduc- 
tion in alkalinity is further compounded by acid pollu- 
tants in the air such as oxides of sulphur and 
nitrogen. 

In good quality concrete with correct placement of 
the reinforcement, problems of corrosion resulting from 
carbonation may not occur for fifty years or even 
longer. This period can be extended by the use of 
anti-carbonation coatings on the outer surface of the 
concrete which help to exclude carbon dioxide and other 
acidic atmospheric pollutants. There are however many 
structures where metal corrosion is inevitable and can- 
not easily be checked. Surface coatings which restrict 
the entry of carbon dioxide are not as effective *f the 
carbonation depth prior to the application of the 
coating has already reached or passed the first metal 
reinforcements or if chloride ion is present in the 
concrete. 

Various attempts have been made to protect steel 
reinforcement against corrosion when erecting new 
structures. In DE-A-2743596 there is disclosed and 
claimed the incorporation of various anti-corrosive 
agents in the concrete mix, for example copper 
sulphate, sodium molybdate, dinitrophenol , N- 
ethymaleimide and iodoacetamide . Japanese published 
patent application 53-94333 discloses the addition to 
the concrete of a porous material such as alumina or 
pumice containing an anti-carrosive agent such as 
sodium nitrite or sodium benzoate in its pores. The 
anti-corrosive agent is released slowly, with the 
object of providing long term corrosion protection and 
resistance to waste gases such as sulphur dioxide. 
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US-A-4442021 discloses a process wherein the metal 
reinforcing elements are themselves coated with an 
anti-corrosive mixture comprising an aqueous suspension 
of hydraulic binding agents and corrosion inhibitors. 
The preferred corrosion inhibitor is a mixture of an 
alkaline metal nitrite or alkaline earth metal nitrite 
and one or more amines such as triazole, cyclohexyla- 
mine or an aliphatic amine having four to seventeen 
methyl groups. 

None of these prior art methods can however be 
used to protect existing structures. 

It is known to apply to existing concrete struc- 
tures surface coatings which prevent or retard penetra- 
tion of carbon dioxide and acid pollutants. 

According to one aspect of the present invention 
there is provided a method of treating a reinforced 
structure of masonry or cementitious material, e.g. 
concrete , to inhibit corrosion of the reinforcement 
which comprises inserting within the said material a 
vapour phase cprrosion inhibitor, whereby the inhibitor 
migrates through the porous structure of the said 
material, and more particularly along the interface 
between the said material and the reinforcement, to 
protect the reinforcement. It will be understood that 
such "inserting" of the vapour phase corrosion inhibi- 
tor (VPI) means that either the said structure pre- 
exists as a body into which the VPI in any suitable 
form can be "inserted", e.g. into bored holes; or the 
VPI is provided as, or as a component of, a pre- 
existing self-supporting body which is independent of 
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the reinforcement and can be "inserted" in the sense of 
being selectively positioned in the structure during, 
as well as after, formation of the structure. Such 
"inserting" of the pre-existing body carrying the VPI 
during formation of the structure is distinguished from 
the mere addition of VPI material for random dispersion 
as an ingredient of a concrete or other cementitious 
mix. It is also distinguished from pre-coating of the 
metal reinforcement with dispersions of inhibitors and 
coating binders, such supported coatings, which are in 
fixed relationship to the reinforcement, being incon- 
venient to apply on a construction site, and VPI's 
having questionable storage life and durability when 
applied prior to delivery of the reinforcement to the 
site. 

Thus, the invention may alternatively be defined 
as a method of inhibiting corrosion of reinforcement in 
a reinforced structure of masonry or cementitious 
material, comprising the step of selectively posi- 
tioning in the said structure a vapour phase corrosion 
inhibitor, wherein prior to the positioning step, 
either (a) the said structure already exists, or (b) 
the inhibitor exists as, or as a component of, a self- 
supporting substantially solid body which is indepen- 
dent of the reinforcement. In many embodiments of the 
invention, both the said structure and the inhibitor 
exist as stated. 

Although the invention is thus seen to be appli- 
cable to structures of masonry material, e.g. natural 
or artificial stone, non-cementitious "mortars" or 
"concretes" which set by reaction with atmoshperic car- 
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bon dioxide, or brickwork , or of cementitious material , 
e.g. concrete, "microconcrete" (having no large 
aggregate), mortars or renders, the following descrip- 
tion will refer, for simplicity, simply to concrete. 

It is possible in this way to inhibit the corro- 
sion of metal reinforcement, especially steel or other 
ferrous metal reinforcement, even where full car- 
bonation of the concrete has occurred or where calcium 
chloride is incorporated in the concrete, or where 
chloride contamination from other sources is present, 
as hereinbefore described. 

Vapour phase corrosion inhibitors (VPI's) are 
volatile solids which vapourize and migrate through 
porous structures. .It has been found that such com- 
pounds will pass through the pores and interstices of 
concrete and particularly through any water lens which 
could be present adjacent to metal reinforcement. 
Without limiting the invention to any particular chemi- 
cal principle, it appears that when VPI's contact a 
metal surface they form a thin mono-molecular adsorp- 
tion layer which, in the presence of moisture, develops 
strong ionic activity and creates a protective barrier 
between the metal and the corrosive environment. The 
reinforcing metal is thus protected from corrosion. 

The VPI's can be inserted into the concrete struc- 
ture adjacent to the reinforcing steel by drilling into 
the concrete, inserting the VPI and resealing the hole 
with a suitable (e.g. cementitious) repair material 
which is substantially less permeable than the concrete 
structure to the vapour of the inhibitor. Insertion of 
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the VPI into existing cracks or faults in a concrete 
structure preferably followed by sealing with suitable, 
e.g. flexible, repair material would also be possible. 

The VPI's may be provided in solid insert form or 
in extrudable form using suitable solid or extrudable 
carrier materials, or may be in readily flowable form 
(e.g. liquid, solution or gel) in cases where the 
orientation of the insertion holes is suitable, e.g. 
vertical holes in a horizontal concrete structure. 
Alternatively , a substantially self-supporting body 
carrying the VPI may conveniently be placed in close 
proximity (or contact) with the reinforcement before it 
is covered with concrete. 

Thus the invention includes methods wherein the 
inhibitor is carried by a (preferably shaped) body of 
carrier material. * Preferably, the inhibitor is at 
least partly within the shaped body and the shaped body 
is permeable to the vapour of the inhibitor. The 
carrier may be selected to suit the manner of use, for 
example from open-celled foam, organic polymeric 
material permeable to the said vapour, or inorganic 
material e.g. an extruded or cast slug or rod or pellet 
of masonry or cementitious material, or the shaped 
carrier body may comprise fibrous or filamentary 
material, e.g. a non-woven fabric, paper or felt, pre- 
ferably carrying as much of the VPI as it will hold, 
e.g. 50 to 90% by weight of the carrier. 

The carrier carrying (preferably impregnated with) 
the required amount of VPI may be cast or otherwise 
formed into discrete units of suitable size and shape, 
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or it may be extruded or otherwise formed into a rod of 
suitable dimensions which may be subsequently cut into 
appropriate lengths depending upon the dosage required 
for a particular insertion. 

Examples of suitable carrier materials include 

i . Open celled foamed polymers manufactured from 
polymeric materials unaffected chemically by the 
VPI. 

ii. Cold cured polymeric materials with a molecular 
structure such that a VPI included prior to cure 
will diffuse out. Such materials could be 
designed co control the rate of diffusion of the 
VPI into concrete. 

iii. Pellets , rods, etc. r made from porous inorganic 
materials such as: Sand/cement mortars, extended 
gypsum plasters, unfired, partially fired or fully 
fired clays, pumice, chalk, or zeolites. 

iv. Felt, paper, card, cloth, balsa wood, or cork. 

An ingenious form of the invention provides that 
the body comprising the inhibitor is a reinforcement 
spacer . Spacers are of course well known for posi- 
tioning reinforcing rods relative to one another and/or 
relative to the external surfaces of the structure to 
maintain the prescribed cover during construction. For 
the purposes of this invention they will preferably 
consist of material which is porous or is permeable to 
the VPI vapour, for example masonry or cementitious 
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material or fibrous inorganic material, possibly with 
plastics attachments or inserts. 

Various inhibitors may be used in the method of 
the invention, provided they are chemically suited to 
inhibiting corrosion of whatever reinforcement is used, 
and will vapourise at ambient temperatures to produce a 
vapour which can migrate through a concrete matrix to 
the reinforcement in sufficient concentration to pre- 
vent or retard corrosion. The inhibitor for ferrous 
metal reinforcement may for example be, or include, at 
least one material selected from 

Amine salts with nitrous or chromic acids , 

Amine salts with carbonic acid, carbamic acid, 
acetic acid, substituted benzoic acids and 
unsubstituted benzoic acids , 

Organic esters of nitrous acid, phthallic acid or 
carbonic acid, 

Primary, secondary and tertiary aliphatic amines, 
Cycloaliphatic and aromatic amines, 
Polymethylene amines, 

Mixtures of nitrites with urea, hexamethylene 
tetramine and ethanolamines , or 

viii Nitrobenzene and 1-Nitronaphthalene • 



ii 

iii 

iv 
v 
vi 
vi 1 
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The preferred VPI's for protecting ferrous metal 
(usually steel) reinforcement by the method of the pre- 
sent invention are dicyclohexylamine nitrite (DCHN) , 
cyclohexylamine benzoate (CHAB) and cyclohexylamine 
carbamate (CHC), more preferably a mixture of CHAB and 
CHC* These are both white solids and have the 
following structures: 



CHAB 



CHC 




Mixtures of fast-acting and slow-acting VPI's have 
the advantage of combining fast initial action with 
extended service life. Thus the inhibitor preferably 
comprises at least two vapour phase inhibitor com- 
pounds, at least one of which vaporises relatively 
slowly and at least one other of which vaporises rela- 
tively quickly under the conditions to be encountered 
by the concrete structure in service. 

Preferred embodiments of the invention will now be 
described by way of example with reference to the 
accompanying drawings wherein: 

Figure 1 is a schematic sectional view (section 
lines omitted for clarity) through a reinforced 
concrete structural member treated in accordance with 
the present invention; 



0247773 



_ H _ PDQ001. 

Figure 2 is an enlarged view of part of Figure 1, 
showing the site of treatment in more detail; and 

Figure 3 is a graphical demonstration of the 
effectiveness of this invention. 

Referring first to Figure 1, a concrete structural 
member 10 is reinforced with vertical (as shown) steel 
reinforcing rods 12 and horizontal (as shown) rods 13. 
At sites 19, spaced at intervals across the surface of 
the concrete, holes are drilled for the insertion of a 
vapour phase corrosion inhibitor. One of these sites 
is shown in more detail in Figure 2. 

As can be seen in Figure 2, a hole is drilled from 
the surface of the- concrete to a position just beyond 
the first reinforcing rod 12. A solid insert 14 
(preferably a rod) incorporating the VPI is pushed to 
the end of the hole and cotton wadding 16 (optional) is 
inserted to hold the insert in place. The hole is then 
repaired with a suitable cementitious repair material 
18 having a lower permeability than the reinforced 
concrete so that the inhibitor does not diffuse 
straight out along the drilled hole. 

This process is repeated wherever required on the 
concrete structure. The inhibitor slowly vaporises and 
migrates through the porous concrete and more par- 
ticularly along the surfaces of reinforcing rods 12 and 
13. 

The spacing of the drilling sites 19 is dependent 
upon the amount of steel present within the member, the 
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volatility of the chosen VPI , an assessment of the 
porosity of the concrete , the anticipated range of 
ambient temperatures and the VPI content of the 
inserts . 

The inserts may be renewed periodically , the 
number of years between renewals being checked by 
carrying out spot tests to establish the continuing 
presence of the VPI within the concrete. A a sealing 
coat can be applied to assist vapour retention. Such a 
coating must of course not restrict normal "breathing" 
of the concrete. It has been found that loss of the 
VPI can be minimised by using coatings of the type used 
hitherto to protect the concrete surface against carbon 
dioxide and acid pollutants. . The relatively large size 
of the VPI molecules tends to prevent them from 
penetrating the coating while sufficient oxygen and 
nitrogen from the air can pass to enable the concrete 
to breathe. 

It will be appreciated that the present invention 
may be used both to provide initial protection during 
construction and to augment the existing protection 
where corrosion inhibitors have already been incor- 
porated in a concrete body when it was cast. The inhi- 
bitors for such existing protection could have been 
provided in the spacers or other selectively positioned 
bodies according to this invention, or could have been 
dispersed in the concrete mix prior to casting. The 
invention may also be useful where existing cathodic 
protection is ineffective, e.g. due to electrical 
discontinuity in the metal reinforcement. 
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Included as another aspect of the invention is a 
vapour-phase corrosion inhibitor for protecting rein- 
forcement in concrete , which inhibitor exists indepen- 
dently of the concrete and of the reinforcement as, or 
as a component of # a substantially solid body (i.e. not 
merely a powdered or granular additive), preferably a 
self-supporting and/or shaped body, and may include any 
of the features of such a body hereinbefore specified. 

Examples of the invention will now be described 
with reference to Figure 3, which shows the timed 
change of electrical potential measured through steel 
reinforcement in specimen blocks of concrete with 
various levels of corrosion protection. The test 
method involved electrochemical measurements on abraded 
steel specimens embedded in concrete cylinders using a 
current density of 10 microAmps per square centimetre 
in a test circuit basically as described by 
V.J.Treadaway and A.D.Russell in "Highways and Public 
Work", September 1968, the disclosure of which is 
incorporated herein by reference. 

The abraded steel rods of 10 millimetres diameter 
were embedded in a concrete mix comprising 1:2:4 
cement : coarse aggregate (up to 12 millimetres ) :fine 
aggregate in moulds to form substantially circular 
concrete cylinders of 6.5 centimetres diameter and 12 
centimetres height. 2% by weight (of cement) calcium 
chloride was added to produce conveniently fast corro- 
sion. As can be seen from the graphs in Figure 3, 
Comparison Example NT47, containing no calcium chloride 
or VPI, showed no falling-off in measured potential 
over 20 to 25 minutes, whereas Comparison Example NTS, 
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containing 2% calcium chloride but no VPI showed a 
sharp decrease after 6 or 7 minutes, and Comparison 
Examples NT45 and NTS 3 , each containing 2% calcium 
chloride but no VPI, showed distinct decreases after 18 
to 20 minutes and 15 to 16 minutes respectively. These 
decreases indicate the onset of severe corrosion which 
changes the electrical resistance of the concrete rein- 
forcement. The Examples of the invention, identified 
as NT45 and NT48 containing 0.01% of CHAV VPI based on 
the weight of the concrete cylinder and 2% calcium 
chloride maintained a high electrical potential indi- 
cating little corrosion after 20 to 25 minutes. 
Example NT55, which was saturated with water throughout 
with 2% calcium chloride and 0,01% of CH?-V VPI also 
showed no decrease in potential, indieatiiig little 
corrosion, after 20 to 25 minutes. Similar results 
were obtained with addition of 3% (of cement) calcium 
chloride. Similar tests on fully cured (28 days) 
concrete specimens , with controlled water content to 
ensure adequate conductivity, showed the onset of 
corrosion after li to 2 hours in unprotected samples, 
and again little or no corrosion in the samples 
according to this invention. 
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CLAIMS 



1. A method of treating a reinforced concrete struc- 
ture to inhibit corrosion of the reinforcement which 
comprises the step of inserting within the concrete a 
vapour phase corrosion inhibitor, whereby the inhibitor 
migrates through the porous structure of the concrete, 
and more particularly along the concrete/reinforcement 
interface, to protect the reinforcement. 

2. A method of inhibiting corrosion of reinforcement 
in a reinforced structure of masonry or cementitious 
material, comprising the step of selectively posi- 
tioning in the said structure a vapour phase corrosion 
inhibitor, wherein prior to the positioning step, 
either (a) the said structure already exists, or (b) 
the inhibitor exists as, or as a component of, a self- 
supporting substantially solid body which is indepen- 
dent of the reinforcement. 

3. A method according to claim 2, wherein both the 
said structure and the inhibitor exist as stated. 

4. A method according to any of the preceding claims, 
wherein the inhibitor is carried by a body of carrier 
material . 

5. A method according to claim 4, where in the inhi- 
bitor is at least partly within the carrier body and 
the carrier body is permeable to the vapour of the 
inhibitor . 
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6. A method according to claim 5, wherein the carrier 
body comprises open-celled foam, organic polymeric 
material permeable to the said vapour, or inorganic 
material. 

7. A method according to claim 5, wherein the carrier 
body comprises fibrous or filamentary material. 

8. A method according to claim 7, wherein the carrier 
body comprises a non-woven fabric, preferably a felt. 

9. A method according to claim 1 or 2, wherein the 
inhibitor is, or is a component of, a flowable 
material . 

10. A method according to any of the preceding claims, 
wherein the inhibitor is inserted or positioned in 
holes in the pre-existing said structure, and the holes 
are plugged with material which is substantially less 
permeable than the said structure to the vapour of the 
inhibitor. 

11. A method according to any of claims 1 to 8, 
wherein a pre-existing self-supporting substantially 
solid body comprising the inhibitor is placed in close 
proximity to the reinforcement and the said structure 
is subsequently formed thereon. 

12. A method according to claim 11, wherein the body 
comprising the inhibitor is a reinforcement spacer. 

13. A method according to any of the preceding claims, 
wherein the inhibitor comprises at least two vapour 
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phase inhibitor compounds, at least one of which 
vaporises relatively slowly and at least one other of 
which vaporises relatively quickly under the conditions 
to be encountered by the said structure in service. 

14. A method according to any of the preceding claims, 
wherein the inhibitor is or includes at least one 
material selected from 

i Amine salts with nitrous or chromic acids, 

ii Amine salts with carbonic acid, carbamic acid, 
acetic acid, substituted benzoic acids and 
unsubstituted benzoic acids, 

iii Organic esters of nitrous acid, phthallic acid or 
carbonic acid, 

iv Primary, secondary and tertiary aliphatic amines, 

v Cycloaliphatic and aromatic amines, 

vi Polymethylene amines, 

vii Mixtures of nitrites with urea, hexamethylene 
tetramine and ethanolamines , or 

viii Nitrobenzene and 1-Nitronaphthalene . 

15. A method according to claim 14, wherein the inhi- 
bitor is or includes dicyclohexylamine nitrite (DCHN) , 
cyclohexylamine benzoate (CHAB) , or cyclohexylamine 
carbamate (CHC). 
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16. A method according to claim 15 f wherein the inhi- 
bitor is or includes a mixture of CHAB and CHC. 

17. A vapour -phase corrosion inhibitor for protecting 
reinforcement in masonry or cementitious material , 
which inhibitor exists independently of the said 
material and of the reinforcement as, or as a component 
of r a substantially solid body, preferably a self- 
supporting shaped body. 

18. An inhibitor according to claim 17 , which is also 
as specified in any of claims 4 to 8. 

19. An inhibitor according to claim 17 or 18, wherein 
the said solid body is a reinforcement spacer. 
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